The purpose of this study was to determine the prevalence, risk factors, and prognostic value of ocular lesions in unselected patients with bacteremia. A total of 202 bacteremic patients, 101 nonbacteremic septic patients, and 90 nonseptic control patients were compared in a prospective, controlled, observational study. Ocular lesions related to bacteremia were found in 12% of the bacteremic group, 5% of the septic group, and 2% of the control group. Ocular lesions were significantly more frequent in the bacteremic patients than in the control patients (
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). The severity of the clinical condition and the presence of fungemia predict P = .007 independently a higher risk of ocular lesions. Mortality rates among bacteremic patients with and without ocular lesions were, respectively, 32% and 8% ( ; OR, 3.99). The asymp-P ! .01 tomatic nature of most ocular lesions in patients with bloodstream infections and the impossibility of amelioration in most cases lead us to recommend ophthalmologic examination for bacteremic patients only when prognostic information is needed.
In 1872 Moritz Roth [1] reported the presence of hemorrhagic retinal lesions with a whitish center in patients with sepsis of different origins. Six years later, Litten [2] reported the finding of "Roth's spots" in patients with bacterial endocarditis, which were later found in patients with other infectious and noninfectious diseases [3] [4] [5] [6] .
During the preantibiotic era, patients with disseminated bacteremic infections were well-known to be at risk for ocular involvement, particularly for severe endogenous panophthalmitis [7, 8] . In 1923 Seguini [7] reviewed 342 cases of chorioretinitis and endogenous panophthalmitis caused by Streptococcus pneumoniae and b-hemolytic streptococci, and in 1940 Lewis [9] reported 23 cases of meningococcal panophthalmitis among 350 cases of meningococcal infections reported during .
Other known ocular manifestations of severe, disseminated infections include orbital cellulitis [10, 11] , scleritis [12] , optic neuritis [13] , choroidal abscess and choroidal infarcts [14] [15] [16] [17] [18] [19] , arterial retinal obstruction due to septic emboli [20] [21] [22] [23] , preretinal hemorrhages [22, 24] , subretinal neovascularization [16, 25] , retinal detachment [26] , retinal periphlebitis [27] , and others [28] [29] [30] .
Since the introduction of antimicrobial agents, the subject of endogenous ocular lesions in patients with bacteremic infections has been reviewed only occasionally [31] [32] [33] [34] . Most publications to date are either case reports or descriptions of small series of patients, biased by the selection of the more severe forms of ocular involvement or by analysis of selected types of patients or predetermined types of microorganisms.
Ours was a prospective study of the prevalence and type of ocular lesions in patients with unselected bloodstream infections occurring in a large teaching hospital. Patients with nonbacteremic sepsis or without sepsis were used as control patients. We also tried to assess risk factors for ocular involvement in bacteremic patients and the prognostic significance of ocular lesions.
Materials and Methods
Our facility is a large teaching and referral institution serving an urban population of 650,000. Our study was divided into 4 sections. (1) We investigated the prevalence of ocular lesions in 202 patients who had 1 episode of significant bacteremia. (2) We compared ocular lesions in bacteremic patients with those in 2 other groups of patients: a group of 101 patients fulfilling the criteria for sepsis but with sterile blood cultures (sepsis group) and a group of 90 patients selected on the basis of location (neighboring beds) and severity of illness similar to that of the bacteremic patients but without sepsis (control group). (3) In order to determine risk factors for ocular involvement, we compared bacteremic patients with and without ocular lesions attributable to bacteremia. (4) Finally, we compared bacteremic patients who died with those who survived in order to assess prognostic factors for poor evolution.
From May 1996 through May 1997 we randomly selected 1 of every 4 patients with significant bacteremia based on microbiology records at our institution (bacteremic group). For every 2 cases, we selected the nearest patient fulfilling the criteria for sepsis but with negative blood cultures (sepsis group). Control patients were selected from among neighboring admitted patients whose illnesses were of similar severity but who did not fulfill the clinical criteria for sepsis (control group).
We considered as significant bacteremia those episodes involving at least 1 positive blood culture, yielding either bacteria or fungi (except for coagulase-negative Staphylococcus species, Corynebacterium species, Propionibacterium acnes, Bacillus species, viridans streptococci, Micrococcus species, and several species of Clostridium and Neisseria other than Neisseria meningitidis and Neisseria gonorrhoeae, for which 11 positive blood culture was required) [35] . For the diagnosis of sepsis we accepted the presence of a systemic inflammatory response syndrome clearly attributable to infection, according to well-known criteria [36] .
We excluded patients who were discharged or died before the study, patients who refused to be involved in the study, and patients for whom ophthalmologic examination was physically impossible. After each patient's and physician's consent were obtained, a systematic ophthalmologic evaluation was performed by the same ophthalmologist during the first 72 h after demonstration of bacteremia. The variables studied in case and control patients were as follows: demographic data, area of admission, underlying diseases, Charlson's comorbidity index, Wilson's severity index on examination, portal of entry of bacteremia, organ involvement, community or nosocomial acquisition of bacteremia, responsible microorganism, and evolution. Medical units of admission were grouped into 4 areas: medicine, pediatrics, surgery (including pediatric surgery, obstetrics, and gynecology), and intensive care units.
According to the risk of acquiring infectious diseases, patients were classified as follows: an HIV group, an immunocompromised non-HIV group, and a general group including all other patients. We used the McCabe and Jackson criteria [37] , which groups the underlying diseases of patients into rapidly fatal diseases (group I), ultimately fatal diseases (group II), and nonfatal diseases (group III). We also used the comorbidity index of Charlson et al. [38] , which scores all entities other than the principal one that contribute to the severity of the prognosis.
The clinical condition at the moment of examination was graded as critical, poor, fair, or stable, according to criteria reported by Winston et al. [39] . We considered deaths to be related to bacteremia if they occurred during the period of hospitalization in which the bacteremic episode took place, unless the absence of a relationship was clinically evident.
The ophthalmologic evaluation included the following, when feasible: an interview for ocular anamnesis, with regard to a history of red eyes, blurred vision, pain, or floaters; and an assessment of visual acuity, performed at the bedside by use of a standard near card (Jaeger notation). External-and anterior-segment examination was made with a penlight and biomicroscopy with a slit lamp (model SF-500; Topcon, Paramus, NJ) for patients with macroscopic inflammatory signs and whose medical conditions allowed them to be moved. Examination of the posterior pole was carried out by means of indirect ophthalmoscopy (Ophthalmoscope Heine and Nikkon lenses of 28 and 20 dioptries; Heine Instruments, Dover, NH), with pharmacological mydriasis induced by 1% tropicamide.
Ocular findings were classified as follows: no lesions, unrelated lesions (justified by the patient's underlying condition or the fact that the lesions were preexisting and not associated with bacteremia), and related lesions (Roth's spots, cotton-wool exudates, retinal hemorrhages, and chorioretinal and vitreous inflammation not attributable to other causes). Retinal photographs were taken for all patients with related lesions who could be moved to the ophthalmology unit; these were taken with a retinograph camera (model RC-Xv; Kowa Optimed, Torrance, CA). All patients with ocular lesions were followed up until hospital discharge, death, or the disappearance of lesions. Patients able to visit the outpatient department were followed up until disappearance of the lesions.
Statistical analysis. Data were initially registered in a database (Excel 97; Microsoft, Redmond, WA). The statistical analysis was performed with Epi Info (Centers for Disease Control and Prevention, Atlanta) and SPSS 6.13 (SPSS Institute, Cary, NC). Descriptive analysis included mean and standard deviation for quantitative variables, and for qualitative variables, absolute and relative frequency (percent). The bivariant analysis included Pearson's x 2 test and Fisher's exact test for qualitative variables when or when 25% of theoretic values were !5. We also used n ! 20 Student's t test to compare means of quantitative variables between independent groups. When means of 12 independent groups had to be compared, we used the ANOVA test.
We also used nonparametric tests such as the Mann-Whitney U test to demonstrate significant differences between means of quantitative ordinal variables or scores. The level of statistical significance was considered to be . Logistic regression analysis P ! .05 (Hosmer-Lemeshow method [40] ) was performed after a multivariate study to assess for risk factors associated with poor evolution in patients with bacteremia. Variables were entered into the model if they were significant in the bivariant analysis, in order to detect those variables with an independent significant association.
Results
Ocular lesions in patients with bacteremia. During the study period our institution had 38,214 admissions, and the microbiology department detected 1029 episodes of significant bacteremia, of which 259 (25%) were randomly selected for study. We were able to include 202 episodes; the remaining 57 were excluded because of death (11) , early discharge (9), physical impossibility of ocular examination (12) , refusal to participate in the study (14) , or nonsignificant positive blood cultures (11) .
Patients' ages ranged from 11 days to 95 years (mean ‫ע‬ , ); 115 patients (57%) were males and 87 SD 56.36 ‫ע‬ 23.77 (43%) were females. Patients were hospitalized in different units: medicine (69%), surgery (22%), pediatrics (5%), and intensive care units (3.5%).
The underlying diseases of the patients with bacteremic episodes are summarized in table 1. Diabetes mellitus, hypertension, cancer, AIDS, and cardiovascular diseases were among the most common. They were classified according to their prognosis, in the following McCabe and Jackson groups: rapidly fatal (10%), ultimately fatal (50%), and nonfatal (40%). The mean comorbidity index was (‫ע‬SD), and 25% of the 2.8 ‫ע‬ 2.2 case patients had indexes у5 (table 1) . Overall, 29% had classic immunosuppression and 16% had AIDS. The clinical condition at the moment of examination was critical or poor in 13% of the case patients.
With regard to portals of entry in bacteremic episodes, lower respiratory tract (22.2%), urinary tract (20%), and primary bacteremia (17%) were most common. Six patients (3%) had bacterial endocarditis. The bacteremia was community-acquired in 56% of episodes and nosocomially acquired in the remaining 44%.
With regard to etiology (table 2) , gram-positive organisms were responsible for 49.5% of the episodes, gram-negatives for 32%, anaerobes for 4%, fungi for 5%, and microoorganisms of the genus Mycobacterium for 2%.
Of the 202 patients with bacteremia, 53 had ocular lesions, of which 24 (28 eyes) had lesions considered to be related to the bacteremia (12%). Table 3 details the lesions. Most of them were asymptomatic, and only 7 patients had ocular discomfort independent of bacteremia. There was no difference in the visual acuity between patients with and without ocular lesions.
No cases of panophthalmitis were detected, and all lesions were located in the posterior pole. The most frequent were soft exudates and hemorrhages (18 cases), Roth's spots (3), and choroiditis (2), and 1 patient with bacterial endocarditis on a valvular prosthesis had a superior-temporal-branch retinal artery occlusion. Follow-up showed complete remission of the lesions in 17 cases that were assessed within the first month. Of the remaining 7 patients, 4 died without follow-up and the other 3 did not return for examination after discharge.
Comparison of ocular lesions in patients with and without bacteremia. As mentioned, we compared attributable lesions in bacteremic patients with those present in a group of 101 patients with nonbacteremic sepsis and a group of 90 control patients. The 3 groups had comparable underlying diseases and disease severity (table 1) . Lesions not related to other causes were present in 12% of the bacteremic patients, 5% of patients with sepsis, and 2% of control patients. Differences in prevalence of ocular lesions between bacteremic and septic patients did not reach statistical significance ( ) but were significant be-P = .053 tween bacteremic patients and control patients ( ) and P = .007 bacteremic-plus-septic patients and control patients ( ). P = .02 Nonbacteremic patients had hemorrhagic or cotton-wool retinal lesions, but no Roth's spots were detected. All but 1 of the lesions in nonbacteremic patients were followed up, and all disappeared within 4 weeks.
Risk factors for ocular involvement in patients with significant bacteremia. Bacteremic patients with ocular lesions attributable to bacteremia (24 case patients, ocular group) and without ocular lesions attributable to bacteremia (178 case patients, general group) were compared. There were no significant differences in parameters such as age, sex, underlying diseases, McCabe and Jackson grouping, Charlson's score, immunologic risk group, and portal of entry. However, in the bivariant analysis, among patients with a critical or poor condition (P = ), patients in intensive care units ( ), patients with .02 P = .04 bacteroides bacteremia ( ), and patients with fungemia P = .007 ( ), there was a significantly higher prevalence of ocular P = .03 lesions. In contrast, patients with gram-negative bacteremia were less likely to have ocular lesions related to the bacteremic episode ( ). P = .03 A stratified analysis showed that only a critical/poor condition and the presence of fungemia independently predicted ocular lesions in bacteremic patients.
Prognostic factors for death. We compared bacteremic patients who died (28 case patients) with those who survived (174 case patients). Ocular lesions attributable to bacteremia were present in 32% of patients who died versus 8% of those who survived (
). The bivariant analysis showed the following P ! .01 as statistically significant factors associated with death: stay in an intensive care unit ( ), cancer ( ), diabetes mel-P = .05 P = .02 litus ( ), rapidly fatal disease ( ), comorbidity P = .051 P ! .01 index у5 ( ), poor or critical condition ( ), fun-P = .008 P ! .01 gemia ( ), and the presence of attributable ocular lesions P = .017 ( ) . P = .001
All those variables were studied in a logistic regression analysis, and the only 2 independent variables related to death were a critical or poor condition and the presence of ocular lesions attributable to bacteremia (OR, 3.99).
Discussion
Studies on the prevalence of ocular lesions in bacteremic patients are scarce, retrospective, and biased by the selection of a particular type of infection (e.g., candidemia [33, [41] [42] [43] [44] [45] [46] [47] or tuberculosis [48] ) or a particular clinical condition (e.g., endocarditis [20] [21] [22] [23] [49] [50] [51] ). Articles frequently report single cases with very severe clinical manifestations (such as panophthalmitis [26, 32, 34, 52, 53] ) or studies based on the practice of direct ophthalmoscopy performed by the attending physician, without involvement of an ophthalmologist.
Our study was carried out prospectively, on an unselected consecutive series of bacteremic patients and with the contribution of ophthalmologic expertise. Twelve percent of all patients with bloodstream infections had ocular lesions not attributable to causes other than the bacteremic episode. We did not detect a single case of severe panophthalmitis, and most lesions were asymptomatic, involved the posterior pole, and did not require specific therapy. Retinal hemorrhages, cottonwool exudates, Roth's spots, choroiditis, and a combination of these are the most frequent lesions associated with significant bacteremia.
The new concept of sepsis as the presence of a systemic inflammatory response syndrome caused by infection but frequently unassociated with bacteremia offers an excellent opportunity to study the role of bacteria growing in blood in the pathogenesis of ocular lesions, in comparison with sepsis without bacteremia. Our study shows a progressively decreasing incidence of lesions in patients in the bacteremic group, septic group, and control group.
Both the bacteremic and septic groups had a significant difference in ocular lesions when compared with the nonseptic control group. Qualitatively, the lesions were similar, but we found Roth's spots only in bacteremic patients. To our knowledge, only 2 prospective studies of ocular lesions in infectious diseases have included control patients. One [41] was a study of patients with candidemia and found a 45% prevalence of ocular lesions among case patients (21 of 148), compared with no lesions in the control group (0 of 48). Another study, performed by Neudorfer et al. [54] , showed significant differences between patients with sepsis and control patients but did not differentiate bacteremic and nonbacteremic septic patients. Factors predisposing bacteremic patients to ocular involvement have been reported only occasionally [42, 47, 54, 55] . We did not find significant differences regarding variables such as age, sex, admission unit, place of acquisition, immunologic predisposition, or portal of entry. Risk factors associated with ocular lesions were a critical condition, an intensive-care-unit stay, and fungal or anaerobic bacteremia. Patients with gramnegative bacteremia have significantly less risk of ocular lesions.
Edwards et al. [33] found a significant incidence of ocular lesions in candidemic patients with prior abdominal surgery, and Donahue et al. [47] found a higher degree of chorioretinitis in candidemic immunosuppressed patients. Other risk factors reported to significantly predispose septic patients to ocular involvement include sickle-cell disease, dialysis, asplenia, valvular heart disease, diabetes mellitus, and others [32, 52, 53, 56] .
Our data suggest that ocular lesions are a marker of severity in septic patients, because the severity of only the clinical condition, not the underlying condition, correlates with the presence of ocular lesions.
With regard to etiology as a predisposing factor, Meyers [55] did not find significant differences. Our study, however, shows a higher incidence of ocular lesions in bloodstream infections caused by fungi and by anaerobic bacteria.
Four of our 6 episodes of bacteroides bacteremia were associated with ocular lesions, whereas only 1 of the 35 episodes of Escherichia coli bacteremia were associated with ocular involvement. Neudorfer et al. also found a high rate of retinal lesions in bacteroides infections (50%) [54] . Despite our data suggesting a low risk of ocular infection in gram-negative bacteremia, Klebsiella has been reported to have a tropism for ocular involvement [57] [58] [59] [60] [61] , especially for endogenous panophthalmitis in patients with liver abscess. However, in a previous study with 100 episodes of Klebsiella bacteremia reported in 1985 by our group, no single case of panophthalmitis was detected [62] .
Candida, particularly Candida albicans, has a tropism for causing ocular lesions [41, [42] [43] [44] [45] [46] [47] 63] . We were unable to demonstrate that there was a higher incidence of ocular infections among cases of infectious endocarditis than among other bacteremic cases. The prevalence of ocular lesions in patients with infectious endocarditis has been reported to be 5% [49, 50] , and retinal artery occlusions in cases of sepsis have been generally related to infectious endocarditis [20] [21] [22] [23] 51] .
The prognostic significance of ocular lesions in bacteremic patients has not been adequately examined in a comparative and prospective study. Donahue et al. [47] found a 36% death rate among candidemic patients with chorioretinitis, compared with an 18% rate among patients without ocular involvement, but the difference did not reach statistical significance (P = ). However, these authors did not compare all patients with .08 ocular lesions (chorioretinitis plus other lesions) versus those without. We made this comparison, and the difference observed was statistically significant ( ). Our study showed ocular P = .026 lesions to be an independent factor for prediction of death in bacteremic patients.
In summary, this study shows that ocular involvement is a relatively frequent (12%) phenomenon in bacteremic patients, usually causing asymptomatic retinal lesions. Qualitatively similar ocular involvement occurs in septic patients with negative blood cultures. Lesions in patients who survived the episode usually cleared in 4-8 weeks. Ocular lesions are probably a marker of severity in septic patients and also independently predict poor evolution.
Many publications recommend routine ocular examination of septic patients [23, 32, 54, 53, 45, 46, [64] [65] [66] [67] . However, the asymptomatic nature of many of these lesions, their spontaneous remission, and physicians' inability to ameliorate most of them lead us to recommend ocular examination only when a prognosis is sought.
